

































































































































































































































































































































































H988

H989

H990

H991

H992

H993

H994

H995

H996

H987

HO88

H989

H990

H991

H992

H993

H994

H995

3614.5

3591.1

3577.0

3528.2

3481.6

3463.5

3452.2

3433.2

3440.2

2412.6

24l16.8

2417.6

2425.4

2431.5

2436.2

2424.7

2427.4

2438.6

1209.61

1209.61

1207.61

1208.61

1209.61

1209.61

1211.61

1211.61

1211.61

BP
WAVY BP

F (SAND)
CEIL

BP

WAVY BP
FLOOR
CEIL

BP

BP

WAVY BP
MUCK TOP
FLOOR
CEIL

BP2

BP1

WAVY BP

F (STREAM)
C=BP+PYRIT
BP

BP

BP

BP

BP

WAVY BP

F (STREAM)
CEIL

BP

BP

BP

BP

WAVY BP

F (STREAM)
CEIL
CONTACT?
WAVY BP

F (STREAM)
CEIL
BP+SHALE
BP+SHALE
BP+SHALE
BP+SHALE
BP+SHALE
BP+SHALE
MAJOR BP
BP

BP

WAVY BP

F (STREBM)
CEIL
MAJOR BP
F (STREAM)
CEIL
MAJOR BP
F (STREAM)

1211.54
1210.51
1205.01
1211.91
1211.41
1210.51
1205.01
1211.71
1211.61
1210.97
1210.16
1207.11
1205.01
1212.81
1211.21
1210.81
1210.11
1203.11
1213.61
1212.25
1211.81
1211.41
1211.01
1210.31
1209.31
1204.81
1212.71
1211.81
1211.36
1210.41
1209.91
1209.01
1206.71
1213.61
1211.66
1208.96
1206.96
1214.91
1214.51 -
1214.08
1214.01
1213.71
1213.21
1212.94
1211.11
1210.26
1209.71
1208.91
1207.71
1213.56
1211.11
1207.91
1213.91
1211.01
1208.21




H997 H996

D997 H997
END OF FILE

3425.0

3425.0

2467.2

2467.2

1210.11

1213.21

CEIL
MAJOR BP
F (STREAM)
CEIL DOT

1213.21
1210.74
1208.41
1213.21
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'APPENDIX 3 -- Seismic Refraction Data

Picnic area across river from Mystery I

1. At west end of footbridge, extending 120 feet to north (azimuth 350 deg).
X () forward time (msec) reverse time (msec)
0 - 0 46.5
5 437 -—
10 8.79 42.9
15 : 13.32 —
20 19.7 39.2
25 23.6 39.2
30 . : 28.6 39.1
40 28.8 41.7
50 32.1 38.1
60 ' 40.0 374
70 40.0 30.4
80 40.2 30.0
90 41.8 24.1
100 44.2 ’ 19.2
110 44.0 7.1
120 46.6 0

v1 = 1050 ft/sec (dry sediment).

v2 = 11,770 ft/sec (limestone).

Depth to bedrock approx. 18 ft.
Irregular bedrock surface.

Arrivals were indistinct in reverse shot.

2. From west end of footbridge, extending 120 f to west (azimuth 270 deg):
X () forward time (msec) -~ —-=reverse time (msec)
0 0 49.0
10 8.58 49.0
20 218 49.6
30 27.1 49.6
40 30.1 47.5
50 31.7 44.4
60 36.1 43.2
70 39.9 353
80 39.0 349 '
90 39.0 349
100 39.8 289
110 40.7 15.7
120 ) 42.5 0

vl = 820 f/sec (dry sediment).

v2 = 7150 fi/sec (weathered bedrock?).
Depth to bedrock approx. 10 ft?

Slight bedrock slope toward west.
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Continuation of #2 toward west:

X(ft) forward time (msec) reverse lime (msec)
0 0 52.3
10 8.8 52.7
20 18.0 50.7
30 26.4 49.2
40 ) 357 48.7
50 45.5 47.0
60 46.1 45.8
70 47.1 45.3
80 499 356
90 49.4 26.4
100 49.5 17.4
110 50.1 -
120 51.1 0

vl = 1110 f/sec (dry sediment)
V2 = 9900 ft/sec (bedrock)
Depth to bedrock = 23 ft.

Slight bedrock slope toward east.
Very little relief on bedrock.

Eastward from picnic grounds road, to 20 ft from western river bank (azimuth 70 deg), 250 ft south of ford (now bridge) over river:

X forward time (msec) reverse time (msec)
0 0 459
10 8.9 45.1
20 17.6 43.3
30 26.5 . 41.5
40 357 39.1
50 39.2 38.1
60 . 42.1 33.6
70 412 25.8
80 43.1 —_
90 431 7.4
100 45.9 0

vl = 1160 f/sec (dry sediment).
v2 = 8450 ft/sec (bedrock).

Depth to bedrock 20 fi.

Little relief on bedrock surface.
Bedrock slopes gently toward east.
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Northward, terminating at castem end of #4, parallel to westem river bank, 20 ft from river, azimuth 335 deg;

X () forward time (msec) reverse time (msec)
0 o 419
10 8.5 42.2
20 17.6 40.6
30 265 , 39.4
40 - 29.6 42.0
50 32.1 372
60 41.8 35.0
70 40.1 26.6
80 41.4 17.6
90 40.1 8.6
100 ) 412 0

vl = 1150 fi/sec (dry sediment).
v2 = 13,300 ft/sec (limestone).
Some scatter in bedrock arrivals.
Depth to bedrock approx. 20 ft.

Parallel to westem boundary of Park, along faint road, azimuth 0 deg, on low terrace, from southem edge of patch of woods toward
Walnut Cave:

X@®) forward time (msec) reverse time (msec)
0 0 —_—

10 13.2 405 .
20 : 17.5 38.4

30 239 37.8

40 26.7 36.6

50 328 32.2

60 41.8 27.2

70 433 23.6

80 51.0 17.8 .
90 52.0 ) 8.4

100 51.8 0

vl = 1450 fi/sec. (dry sediment).
v2 = 12,800 ft/sec (limestone).
Depth to bedrock 23 ft.

Forward arrivals indistinct.

Ten feet from river, parallel to west bank of river, starting 30 feet from ticket office, directly across from Mystery I entrance,
azimuth 190 deg,

X@#®) forward time (msec) reverse time (msec)
0 0 433

5 7.35 ---

10 12.5 37.1

15 17.5 -

20 t o213 37.1

25 259 -

30 311 383
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35 313 —_
40 353 34.9
45 40.0 —
50 443 30.2
60 50.5 27.2
70 53.1 26.3
80 55.1 20.6
90 ) 55.1 11.1
100 57.8 0
Great amount of scatter.

Depth to bedrock apparently >20 fi.

From southem end of #7, extending toward west (azimuth 280 deg), starting 50 f from west bank of river:

X () ~ forward time (msec) reverse time (msec)
0 0 39.4
10 9.1 39.1
20 18.0 382
30 25.9 36.4
40 306 38.1
50 31.5 355
60 329 32.7
70 343 273
80 36.8 18.1
90 389 89
100 41.6 0

v1 = 1130 fi/sec (dry sediment).

V2 = 7700 fi/sec (weathered bedrock).
Depth to bedrock 17 ft. on west end, 11.4 ft on east end.
Bedrock slopes toward west.

In Grabau Quarry parallel to west wall, 25 ft from wall, Stewartville Formation in floor of quarry:

X () forward time (msec)
0 0

5 2.96

10 , 5.09

20 8.57

30 13.45

50 213 .

Apparent velocity = 2460 f/sec. Interpretation not clear.

Southeast of Grabau Quarry on dirt road, extending southward across dry bed of South Branch of Root River:

X(#) forward time (msec) reverse time (msec)
0 0 -
10 44 —
20 7.3 -—

30 10.7 -




11.

12.

40
50
60
70
80
90
100
110
120

Reverse shot gave indistinct arrivals beyond 30 ft.
vl = 2400 f/sec (compact or moist sediment).

15.9
215
233
269
311
313
342
35.0
36.6

v2 = 7270 f/sec (weathered bedrock).

Depth to bedrock = 27 ft.

Parallel to dry bed of South Branch, on south side, extending west, in pulloff 100 feet south of dry bed:

X forward time (msec)
0 0

10 6.0
20 13.0
30 23.0
40 282
50 322
60 33.9
70 349
80 3638
90 382
100 389
110 433
120 452

v1 = 1300 fi/sec (dry sediment).

v2 = high limestone velocity (actual value not clear).

Depth to bedrock approx. 19 ft.

--- readings obscure

reverse time (msec)
388
35.6
35.6
346
34.2
349
348
34.8
3Ll
25.6
16.9
8.1
0

Average slope on bedrock about 5.5 deg to west (in line of traverse).
Moderate relief on bedrock surface.

120

Almost directly over Garden of the Gods in Mystery II, south of driveway, extending westward just north of fence line across
driveway from flagged stake (about 100 feet west of gate to Mystery II driveway):

X () forward time (msec)
0 0

10 9.1
20 18.7
30 27.5
40 36.4
50 40.5
60 43.7
70 44.4
80 . 449
90 45.6

100

reverse time (msec)

43.4
43.5
42.8
42.3
41.0
36.6
355
27.1
18.2
9.5
0




13.

14,

vl = 1110 fi/sec (dry soil and sediment).
v2 = 16,570 fi/sec (limestone).

Depth to bedrock = 22 .

Rather uniform bedrock surface.

Extension of #6 toward north along faint dirt road over Walnut Cave:

X@®) forward time (msec) reverse time (msec)
0 0 ——

s 72 —
10 9.18 25.9
20 14.1 24.8
30 184 24.5
40 . 212 22.4
50 225 22.6
60 : 2747 21.3
70 25.6 20.1
80 26.5 17.4
90 30.1 9.0
95 — 4.5
100 31.7 0

v1 = 1160 fi/sec (dry sediment).

v2 = 8860 ft/sec (bedrock).

Depth to bedrock about 10 f. over Walnut Cave.
Irregular bedrock surface.

Perpendicular to #13, from a point 15 fi south of southem end of #13, extending west-southwest across field:

Xm - forward time (msec) reverse time (msec)
0 0 35.2
5 4.1 —
10 8.7 Come 33.7
20 17.5 334
30 24.0 339
40 24.0 32.0
50 26.7 30.6
60 A 270 29.6
70 29.4 257
80 32.2 20.1
90 342 9.0
95 - 58
100 35.1 0

vl = 1060 ft/sec (dry sediment).

V2 = 9300 f/sec (bedrock).

Depth to bedrock 10.7 f at east end, 14.4 ft on west end.

Bedrock surface rather flat; land rises about 3.5 degrees toward west.

.
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15,

16.

17.
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Continuation WSW from western end of #14:

X(#®) forward time (msec) reverse time (msec)
0 0 -
10 9.1 40.0
20 22.9 379
30 32.0 37.0
40 36.1 36.8
50 - 36.3 29.8
60 373 26.7
70 39.0 : 26.0
80 433 21.4
90 44,2 79
100 45.1 0

vl =906 (loose dry sediment).
v2 = 4400 ft/sec (weathered bedrock?).
Great amount of scatter: irregular bedrock surface.

Continuation WSW from western end of #15:

X @) forward time (msec) reverse time (msec)
0 0 34.9
10 10.2 358
20 21.6 " 33,0
30 26.1 33.8
40 27.7 315
50 e 30.7
60 ' 28.8 299
70 29.8 | 272
80 329 - 220
90 33.0 9.7
100 35.0 0

v1 =910 ft/sec (dry, loose sediment or soil).
v2 = 8400 ft/sec (bedrock).

Depth to bedrock 11 ft.

Rather uniform bedrock surface.

Continuation WSW from western end of #16:

X (f) forward time (msec) reverse time (msec)
0 0 - (wind interference)
10 8.8 -

20. 21.6 -

30 26.8 31.5

40 28.6 312

50 30.6 313

60 34.0 31.9

70 345 272

80 <347 17.9

90 36.0 8.8

100 364 0
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v1 = 1030 f/sec (dry sediment).
v2 = about 15,000 fUsec (limestone).

Depth to bedrock about 12-15 ft.

Land rises gently toward west, but bedrock surface is rather flat.

Continuation WSW from western end of #17 to edge of woods, at a relatively high part of field:

X&) forward time (msec) reverse time (msec)

0 0 45.5
10 8.7 45.5
20 18.1 45.8
30 26.4 45.6
40 32.0 452
50 352 -
60 374 355
70 39.7 26.6
80 423 17.9
90 43.2 8.6
100 44.1 0

v1 = 1130 fi/sec (dry soil or sediment).
v2 = indistinct, but high (limestone).
Depth to bedrock approx. 15-20 ft,
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APPENDIX 4 -- Location of Samples
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List of samples collected for this project. Samples are listed out of numerical order so that those from
the same area could be grouped together. See Figure 30 for map of sample locations.

MY SAMPLES LOCATION + DESCRIPTION

24 Grabau Quarry. Bedrock.

8-12, 18, 31 Rubble pile at Mystery I, originally from route to Bomb Shelter, moved to Frozen Falls Pool,
138-151 reexcavated for recent renovations and moved to rubble pile. Shelfstone.
120-122 Seven Springs. Bedrock.

131-135 Old toilet house, speleothems removed from Frozen Falls Pool area during renovations.
218a-218d Hilltop above Mystery I, Cedar Valley Fm. Bedrock.

93-119 CIiff face at entrance to Mystery I. Bedrock.

137 Moquoketa Fm. Ceiling of Cathedral Room. Bedrock.

13 Turquoise Lake, granular raft debris.

204 Turquoise Lake, pool crust.

30 Turquoise Lake, folia.

225 Across Turquoise Lake, pool fingers, collected by Warren Netherton.
32 Bomb Shelter, flowstone.

216 Bomb Shelter, loose, recrystallized raft cone material.

33 Door-to-Door Route, raft cone material.

34 Door-to-Door Route, loose, raft cone material.

214 Door-to-Door Route, broken stalagmite.

210-213 Door-to-Door Route, flowstone and sediment at iron formation.
35-37 Garden of the Gods, sediment. ‘

16-17 Blue Lake, botryoidal crust broken for trail building.

220-223 Blue Lake, Rugged Cross, for Rich Lively to date.

217 Angel Loop, silt.

38-47 Below the bar. Bedrock.

89-92 Fifth Avenue West. Bedrock.

205 Enigma Pit, projecting burrow.

206 Enigma Pit. Rafinesquina fossil.

49-77 Fifth Avenue. Bedrock.

77-88

15 Fifth avenue. Weathered bedrock.

6 Just before Dragon Jaw Lake, broken, iron-filled stalactite.

7 Just before Dragon Jaw Lake, broken soda straw.

20 Sugar Lake, granular material in drip cone.

152 Sugar Lake, flowstone over sediment.

200 Dragon Jaw Lake, pool crust.

128 Fireball Falls, broken stalactite.

130 ‘Tar Pits, broken stalactite.

202 Tar Pits, western deep pool, shelfstone.

203 Tar Pits, shallow pool, pool crust.

123-124 Tar Pits, bedrock and silt.

219 Tar Pits, black flowstone

201 Tar Pits, western deep pool, pool crust

125 Lily Pad Lake, shelfstone

126 Lily Pad Lake, pool crust
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APPENDIX S: Description of Bedrock Samples Analyzed for this Project
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SAMPLE #

DESCRIPTION

INSOLUBLE
% if measured

STEWARTVILLE FORMATION

MY38

23 ft below top of Stewartville. Massive, mottled medium brown, burrowed, dolomitic
fossiliferous limestone. Dolomite in burrows is sugary textured. Fossils float in patches
of spar.

MY39

20 ft below top of Stewartville. Massive, black mottled, burrowed, dolomitic limestone.
Dolomite in burrows is sugary textured.

MY40

18 ft below top of Stewartville. Massive, sparry, dolomitic limestone.

MY41

13 ft below top of Stewartville. Massive, mottled-brown, burrowed, dolomitic, orange
limestone wackestone. Dolomite in burrows is sugary textured and weathering out.

MY42

10 ft below top of Stewartville. Massive, brown-mottled, burrowed, pinkish, dolomitic
limestone wackestone. Scattered patches of spar. Dolomite in burrows. Some dolomite is
partly altered to calcite. Stylolites.

MY43

Bed SX1. Resistant, granular, mottled burrowed, medium brown, dolomitic limestone
wackestone. Dolomite is dissolved at cave wall.

MY44

Bed SX2. 1-2 inch thick, friable, granular, orange-mottled burrowed, light gray,
dolomitized limestone wackestone. Dolomite in burrows is sugary. Stylolites. Dolomite
is partly altered to calcite and is dissolved at cave wall. Spar replaced some fossils.

MY45

Topmost bed of Stewartville. Resistant, dark brown, mottled, burrowed, dolomitic
fossiliferous limestone. Dolomite partly altered to calcite, Dissolved at cave wall. Spar
fossils weather outward and make the wall feel gritty. Burrow was recrystallized to spar
- (gypsum?) Top of MY45 = Bedding Plane 1, the top of the Stewartville Formation.

MY46

Bed SX3. Granular, brown "marker bed" sometimes defined as the top of the
Stewartville Fm. Marker bed grades laterally into wavy disconformity with up to half a
foot of relief. Dolomitized limestone wackestone with iron oxide after pyrite lined spar
after gypsum in vugs and cracks. Dolomite is partly assimilated in spar.

MY47

Topmost bed in Stewartville, Granular, yellow-mottled, dolomitic limestone
wackestone, just below bedding plane 1. Bedrock has been brecciated and clasts float in
spar after gypsum. Spar is concentrated along joints.

DUBUQUE FORMATION

MY49

Bed DT1. Knobby, orange, dolomitic wackestone. Dolomite is partly altered to calcite
and is dissolved at cave wall.

MY52

Bed DT2. Brown dolomitic wackestone. Dark concentrations of iron and manganese
oxides associated with dolomite. Overgrowths on some fossil fragments.

MY50

Bed DT3. One of several closely spaced, .3 foot-thick, undulose beds, Medium gray
dolomitic limestone mudstone and wackestone. Black-mottled iron oxide in dolomite.

MY53

Bed DT3. One of several closely spaced, 0.3 foot-thick, undulose beds. Massive brown
dolomitic limestone wackestone. Dolomite is partly altered to calcite. Overgrowths on
some fossil fragments. Bedding plane 3 is at the top of the sequence of undulose beds.

MYS55

Bed DT4. Light gray, slightly dolomitic limestone wackestone. Black iron oxide.
Dolomitc is partly altered to calcitc and is dissolved at cave wall.

MY54

Bed DT4. Gray, slightly dolomitic limestone wackestone with large balls of iron oxide
after pyrite. Dolomite is partly altered to calcite and is dissolved at cave wall.

MY56

Bed DS|. First significant shale. Shaly, dolomitic limestone.

49%

MY57

Bed DL1. Medium crystalline, light gray-brown dolomitic limestone wackestone.
Dolomite is corroded at cave wall.

MY58

Bed DS2. Calcitic shale. Phosphatic fossil fragments. Iron oxide. Trace glauconite.

57%

MY359

Bed DL2. Gray mudstone to wackestone. Spar replaced some fossils.
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Phosphate.

MY60 Bed DS3. First major shale bed. Some dolomite, phosphate and iron oxide. 52%
MY61 Bed DL3. Light brown limestone wackestone. Slightly dolomitic weathering to pores at
cave wall. Spar has replaced some fossils. Some iron oxide.
MY63 Bed DLA. Gray-brown, slightly dolomitic limestone mudstone to wackestone. Dolomite
weathers to pores at cave wall. Some iron oxide and phosphate grains.
MY65 Bed DLS. Slightly shaly, yellow-gray limestone wackestone. Some iron oxide and
phosphate grains.
MY66 Bed DS6. Slightly dolomitic, fissile, shaly limestone wackestone. Phosphate grains, 34%
some iron oxide.
MY67 Bed DL6. Slightly dolomitic, unlaminated, brown-gray limestone wackestone. Fe oxide
MYe68 Bed DS7. Unlaminated, shaly, light gray limestone wackestone. Phosphate grains and 46%
iron oxide.
MY69 Bed DL7. Massive, yellow-gray, shaly limestone wackestone. Iron oxide.
‘MY70 Bed DS8. Dolomitic, shaly, nonlaminated, medium gray limestone wackestone. Iron 52%
oxide and phosphate grains. Poorly recessed, shaly zone.
MY71 Bed DL8. Orange-brown, shaly limestone wackestone. Iron oxide and phosphate grains.
MY72 Bed DS9. Yellow, calcitic shale. Iron oxide and phosphate grains. 65%
MY73 Bed DLS. Slightly dolomitic, shaly gray limestone wackestone. Spar fills voids between
grains. Iron oxide and phosphate grains. Dolomite is dissolved next to cave.
MY74 Bed DS10. Slightly dolomitic, calcitic shale. Iron oxide and large amount of phosphate 49%
grains. Dolomite looks detrital with corroded edges.
MY75 Bed DL10. Shaly, medium brown, limestone wackestone. Spar filled some fossils. Iron
oxide and some phosphate grains.
MY76 Bed DS11. Slightly dolomitic, shaly, yellow-gray, fissile, laminated limestone
wackestone. Iron oxide and phosphate grains.
MY78 Bed DS11. Large masses of gypsum and iron oxide from the oxidation of pyrite in shale.
Much iron oxide is moldic after euhedral gypsum crystals.
MY77 Bed DL12. Shaly, fissile, limestone wackestone with yellow laminae. Iron oxide and
phosphate grains
MY79 Bed DL13. Shaly, brown, limestone wackestone. Iron oxide and phosphate grams Trace
dolomite.
MY80 Bed DS14. Laminated, slightly dolomitic, calcitic dark brown shale. Iron oxide and
some phosphate grains. Candidate for bentonite (still investigating).
MY8I Bed DS14. Brown finely laminated, calcitic shale with fossils, iron oxide, phosphate. 72%
MY82 Bed DL14. Shaly, light brown limestone wackestone. Iron oxide and phosphate grains.
Trace dolomite that has dissolved next to cave.
MY83 Bed DS15. Dolomitic, shaly yellow-gray limestone wackestone. Iron oxide and
phosphate grains. '
MY84 Bed DL15. Slightly dolomitic, shaly, yellow limestone wackestone. Some iron oxide and
phosphate grains. .
MY85 Bed DS16. Thick, gummy dolomitic, calcitic, brown massive shale. Iron oxide and 69%
. phosphate grains. Dolomite is altered to calcite.
MY86 Bed DL16. Slightly shaly, light tan limestone wackestone. Trace dolomite. Iron oxide
and phosphate grains.
MY87 Bed DS17. Dolomitic, shaly, unlaminated limestone mudstone. Phosphate grains. 77%
Dolomite is altered to calcite.
MY88 Bed DL17. Shaly, gray, limestone wackestone. Iron oxide and some phosphate grains.
Trace dolomite.
MY93 Bed DS18. Medium gray-brown shale. Trace dolomite. Few large fossil fragments. 79%
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dolomitic mudstone. Iron oxide.

MY94 Bed DS19. Dolomitic, shaly, medium gray-brown limestone wackestone. Iron oxide and
phosphate grains,

MY95 Bed DL19. Dolomitic, shaly, brown-gray wackestone. Iron oxide and phosphate grains.

MY96 Bed DS20. Dolomitic, shaly, light brown limestone wackestone. Iron oxide.

MY90 Bed DS20. Gummy, dolomitic, yellow-brown, calcitic shale. Strong limonitic stain near | 58%
base. Dolomite is altered to calcite. Iron oxide and phosphate grains.

MY91 Bed DL20. Dolomitic, yellow, calcitic shale. Some fossils contain spar. 48%

MY97 Bed DL20. Brown, fossiliferous limestone wackestone. Trace dolomite and shale,
Dolomite is dissolved to pores. Iron oxide and spar bind clusters of fossils.

MY92 Bed DS21. Soft, yellow-gray, massive, calcitic shale with infrequent laminations of shell | 68%
fragments and iron oxide. Phosphate grains and trace dolomite.

MY99 Bed DL21. Shaly, white, massive limestone wackestone. Iron oxide.

MY100 Bed DS22. Dolomitic, calcitic, dark gray shale. Iron oxide and phosphate grains. 2%
Concentration of fossil fragments at shale/limestone contact.

MY101 Bed DL22. Shaly, yellow-orange, limestone wackestone. Iron oxide and phosphate
grains. Burrow filled with spar (fossil floating in spar) after gypsum. V

MY102 Bed DS23. Dolomitic, dark gray, calcitic shale. Iron oxide, phosphate, chitinozoans.

MY103 Bed DL23. Massive, dolomitic, light brown limestone wackestone. Spar has replaced
scattered large fossils. Phosphate. '

MY104 Bed DS24. Dolomitic, thick, dark gray, shaly limestone wackestone. Phosphate grains, 49%
iron oxide and chitinozoans.

MY106 Bed DS25. Thick dolomitic, brown, calcitic shale. Large amount of tiny, phosphatic 60%
fossils. Chitinozoans.

MY107 Bed DL25. Dolomitic, gray-brown limestone wackestone. Phosphate grains and iron

i oxide. Some dolomite is altered to calcite.
MY108 Bed DS26. Dolomitic, shaly, gray to yellow limestone wackestone. Nodules of spar. 37%
: Phosphate grains and iron oxide.

MY109 Bed DL26. Dolomitic, shaly, brown, limestone mudstone to wackestone. Phosphate
grains and iron oxide.

MY110 Bed DL27. Brown shale with flecks of organic material along bedding. Iron oxide and
chitinozoans.

MY111 Bed DS28. Dolomitic, calcitic, dark gray-brown shale. Iron oxide and chitinozoans. 80%

MY112 Bed DL28. Incompetent, dolomitic, shaly, light gray limestone wackestone. Iron oxide,
phosphate grains and chitinozoans.

MY113 Bed DL28. Dark brown, shaly dolomite. Fossils, iron oxide, some phosphate grains and | 28%
chitinozoans.

MY114 Bed DL29. Incompetent, brown, shaly dolomite. Scattered fossils. Irregular clusters of
fossils cemented by overgrowths and spar.

MY115 Bed DS30. Mottled, gray-brown, shaly dolomite. Scattered fossils. Iron oxide and
chitinozoans. Some dolomite is altered to calcite. This is the last definite shale bed at
the top of the Dubuque Formation.
MAQUOKETA FORMATION

MY116 Base of Maquoketa. Yellow, shaly, dolomitic limestone wackestone, Scattered large
fossils. Some phosphate. Some fossils replaced by spar. Undulatory bedding at base.

MY117 3 ft above base of Maquoketa. Dolomitic, calcitic, yellow shale. Some phosphate grains
and iron oxide. '

MY118 5 ft above base of Maquoketa. Medium gray, fissile, shaly dolomitic wackestone.
Phosphate grains and iron oxide.

MY119 9 ft above base of Maquoketa. Flaggy, medium-thin bedded, burrowed, light tan, shaly
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Point-count results for thin sections of bedrock samples are shown here. "Pores" in the
dolomite column represent rhombic pores that were once dolomite but have since dissolved. They were
not counted in the percentages. See Figure 2 for exact locations in the stratigraphic columm.

SAMPLE % SPAR % CALCITE % DOLOMITE % FOSSILS % NON
MUD CARBONATE

MY38 (S\ville) 15 10 40 35 1
MY39 " 42 36 21
MY40 " % 36 21
MY41 " 29 50 13 3
MY42 " 42 19 39
MY43 (5X1) | 34 41 25 k]
MY44 (SX2) 3 43 6 42
MY4S (S'ville) 4 6 41 9
MY46 (SX3) 38 3 30 23
MY49 (DT1) 7 67 27
MY52 (DT2) 22 27 51
MY50 (DT2) 33 52 15
MYS53 (DT2) 43 19 33
MY55 (DT4) 64 pores 4
MY34 (DT4) 50 12 38
MY57(DL1) 75 pores 25
MYS8 (DS2) 13 trace 27 60
MY$9 (DL2) 74 26
MY60 (DS3) 17 trace 17 67
MY61 (DL3) 81 trace 19
MY63 (DL4) 47 pores 38 16
MY65 (DL3) 63 trace 7 29
MY66 (DS6) 43 10 13 34
MY67 (DL6) 38 9 3
MY68 (DS7) 25 25 50
MY69 (DL7) 7 9 13
MY70 (DS8) 37 pores 26 37
MY71 (DL8) 62 12 26
MY72 (DS9) 22 26 52
MY73 (DL9) 68 pores 25 8
MY74 (DS10) 16 trace 38 46
MY75 (DL10) 62 28 10
MY76 (DS11) 45 pores 50 s
MY77 (DL12) 77 12 11
MY79 (DL13) 13 33 54
MY30 (DS14) 6 21 73
MY381 (DS14) 5 24 n
MY$2 (DL14) 58 27 15
MY383 (DS15) 9 9 55 27
MY34 (DL15) 7 16 12
MY85 (DS16) 40 3 6 51

s
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MY386 (DL16) 70 24 6
MY87(DS17) 54 trace 3 43
MY88 (DL17) 64 30 6
MY93 (DS18) 1 2 97
MY94 (DS19) 67 3 15 15
MY93 (DL19) 54 18 15 13
MY96 (DS20) 16 13 38 34
MY90 (DS20) 33 3 6 58
MY91 (DL20) 69 24 6
MY97 (DL20) 53 pores 45 2
MY92 (DS21). s 9 36
MY99 (DL21) 7 12 14
MY 100 (DS22) 6 3 3 88
MY101 (DL22) 6 16 15
MY102 (DS23) s 26 13 57
MY103 (DL23) 37 27 36

MY 104 (D524) 14 30 33
MY106 (DS25) 4 6 27 63
MY107 (DL25) 82 1
MY108 (DS26) 20 9 43 23
MY 109 (DL26) 9 45 15 31
MY110 (DL27) 3 97
MY111 (DS28) 3 10 19 68
MY112 (DL28) 26 2% 41 9
MY113 (D529) 55 33 12
MY114 (DL29) 64 16 20
MY 115 (DS30) 41 33 26
MY116 (Mketa) 43 29 15 5
MY117 " “ 4 52
MY18 " s 69 18 3
MY119 " 91 1 3




131

APPENDIX 7: Clay Content of Bedrock Samples (from X-ray Diffraction)

SAMPLE

QUARTZ

ILLITE
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APPENDIX 8: X-ray Analysis of Speleothem Samples

Sample Calcite, deg. Silica (SiO5) Description
2-theta
MY8 29.50 2% needles and blades from chenille spar, Mystery I
MY12 29.50 0 outer bladed crystals on ice, Mystery I
MY13 29.54 0 granular drip cone precipitate on floor of Turquoise Lake
MY14 0 aragonite wall near Garden of Gods. Bedrock = dolomite
MY16 29.50 0 acicular crust on botryoids
29.53 0 twinned pyramidal crystals
Blue Lake pool crust
MY17 29.57 0 both inner yellow layer and outer layer, Blue Lake acicular pool
- crust
MY19- 29.51 0 tiny bladed crystals on shrub-like stalk
) 0 orange acicular crust
: 29.50 Mystery I
MY30 29.52 0 folia, Turquoise Lake
MY32 29.52 0 Flowstone (twinned blades), Bomb Shelter
MY33a 29.52 0 raft cone fragments, Door-to-Door Route
MY33b 29.54 0 raft cone fragments, Door-to-Door Route
MY34 29.56 2% cave ice from raft cone
station T62 Door-to-Door Route
MY38 29.54 aragonite Below the Bar, Stewartville bedrock, Mystery I
MY82 29.50 46% weathered, yellow bedrock
29.51 7% unweathered, gray bedrock
MY86 29.47 5% Bedrock
MY95 29.50 7% Bedrock
MY116 29.47 0 Moonmilk on dolomite bedrock
MY129 29.52 0 yellow inside soda straw
29.58 1% outer white crust
Tar Pits
MY131 29.49 12% limestone bedrock
29.495 8% white crust on limestone
MY132 2945 0 white, chalky crust on stal
29.46 0 yellow center of stal
Old Toilet House
MY143 29.52 0 acicular flowstone layer over shrubs
shrubs
29.55 1% Mystery 1
MY154 29.52 0 acicular flowstone layer
29.52 6% shrubs
Mystery 1
MY155 29.50 8% shrubs below flowstone
29.52 0 flowstone
Mystery I
MY201 29.54 1% subaqueous stacked plates to needles, Tar Pits deep lake
MY202 29.56 1% shelfstone, vertical rhombs and silt, Tar Pits deep lake
MY203 29.575 0 botryoidal crust, vertical, stacked rhombs, Tar Pit shallow lake
MY204 29.505 0 chenille spar, bladed to stacked needles, Turquoise Lake
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MY214 29.52 1% outer edge, stalagmite
29.53 0 center, stalagmite
Door-to-Door Route:
MY225 29.50 1% pool fingers, stacked to radiating needles
Input side of Turquoise Lake
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APPENDIX 9: Speleothem Ages

Speleothem ages determined by Richard Lively, Minnesota Geological Survey, including
measurements made for the LCMR Geology Project, arranged by age from youngest to oldest. See

Figure 31 for map of sample locations.

SAMPLE AGE  (ka) ERROR SITE DESCRIPTION
- (years)

MC28d .5 .1 Mystery 111, base of mud pit, east of Eureka Ave.

MC28¢c 2 1 Mystery 11, base of mud pit, east of Eureka Ave.

MC28b 34 .1 Mystery III, base of mud pit, east of Eureka Ave.

MC28a 6 4 Mystery I11, base of mud pit, east of Eureka Ave.

MC9 7.7 4 Mystery I, Bomb Shelter, top of flowstone layer

MC24 8.6 .5 Door-to-Door route, Big Fork, west of entrance to Wind Tunnel

MC8 9.6 .5 Mystery I, Bomb Shelter, middle layer of flowstone, shrubs

MC8609 103 .6 Muystery II1. Just before entrance to second crawl. Small joint on
right side of passage going in

MC1 11.98 13 Mystery II, Angel Route

MC25 12 4 Door4o-Door route, entrance to Wind Tunnel, Big Fork area

MC7 122 4 Mystery I, Bomb Shelter, base of thick flowstone overlying gravel
deposit, shrubs

MC29 12.2 4 Mystery I, main commercial passage about 150 feet west of en-
trance to Turquoise Lake

MC25a 12.3 i Door-to-Door route, entrance to Wind Tunnel

MC1 12.3 3 Mystery II, Angel Route

MC1 12.6 7 Mystery II, Angel Route

MC25b 12.7 .6 Door-to-Door route, entrance to Wind Tunnel

MC27 13 6 Mystery 111, Formation Route Creek

MC1 14.4 .8 Mystery II, Angel Route just east of Carrot Sticks

MCB8603 14.5 4 Mystery I11. Along Helictite route just before boxwork

MC30 15 2 Mystery 111, above entrance to Helictite Route

MC1 15.4 1 Mystery II, Angel Route

MC8503 15.5 ) Mystery 11, area beyond Garden of the Gods

MC8605 16 5 Mystery I11. Boxwork area, after first crawl, and near second
crawl; left side going in

MC1 16.8 3.1 Mystery II, Angel Route

MC8503 18 .5 Mystery I1, area beyond Garden of the Gods.

MC1 19.6 13 Mystery II, Angel Route

MCI 26.2 1.7 Mystery I, Angel Route

MC8505 34 1 Miystery II, top of side passage, entrance to Garden of Gods area,
may not be original location

MC19d 36 2 Mystery 11, west end of 5th Ave.

MC26a 38 1 Mystery 11, 4th Ave., 1/2 to 2/3 distance from Wishing Well

MC19¢ 38. 2 Mystery I1. west end of 5th Ave.

McC21 41 1 Mystery 111, Eureka Ave. entrance of passage going to Rotunda
Room .

MY222 49 . 24 Mystery I, Blue Lake, top half of uppermost part of more recent
{lowstone next to lake

MC8505 57 2 Mystery 11, top of side passage, entrance to Garden of Gods area,

may not be original location
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MC1%b 57 Mystery 11, west end of 5th Ave,

MC19a 61 Muystery I, west end of Sth Ave, growing on top of breakdown,
covered by newer breakdown

MC222 779 3.5 Mystery [1, Blue Lake, lower half of uppermost, more recent flow-
stone next to lake

MC8501 81 4 Mystery II, lefl side passage off commercial tour just prior to
Garden of the Gods

D2 85 5 Mystery 11, Dome Room, east of Blue Lake

MCS 85 3 Mystery 11, west end of Sth Ave.

MY223 89 34 Mystery (1, Blue Lake, botryoidal calcite below flowstone mound,
subaqueous.

MC5 93 3 Mystery II, west end of 5th Ave.

MCS 97 4 Mystery 11, west end of Sth Ave.

MCS5 97 8 Mystery I, dig site opposite Dragon's Jaw Lake

MC13 101 4 Mystery I, layer capping sediment

MCS5 101 4 Mystery 11, west end of 5th Ave.

MCS5 101 5 Mystery I1, west end of 5th Ave. dig site

MCS 104 8 Muystery 11, west end of Sth Ave. dig site

MCS 104 21 Mystery 11, west end 5th Ave. dig site

MC20b 106 5 Mystery IL west end of 5th Ave., near Dragon's Jaw Lake

MC17 109 6 Mystery I, 4th Ave.

MCS 113 9 Mystery 11, west end of Sth Ave.,, dig site

MC26b 116 7 Mystery 11, 4th Ave., 1/2 to 2/3 of the way from Wishing Well to
end of passage

MC10a 117 11 Mystery I, Enigma Pit, top of sediment, left side

MC26 119 5 Mystery I, 4th Ave., between Wishing Well and west end

MC18 121 6 Mystery II, 4th Ave., between wishing well and west end

MC8502 121 8 Mystery 11, area beyond Garden of the Gods

MC14 122 11 Mystery II, Enigma Pit, middle flowstone layer

MC26d 123 5 Mystery I, 4th Ave., 1/2 to 2/3 from wishing well to end of pas-
sage i

MC4hg 124 7 Mystery II, dig site opposite Dragon Jaw Lake

MC3 126 11 Mystery II, west end of 5th Ave., near Dragon Jaw Lake

MC11b 128 6 Mystery II, Enigma Pit, on wall above sediments

MC3g 136 12 Mystery II. west end of 5th Ave. near Dragon's Jaw Lake

MC8504 137 7 Mystery 11, base of broken stal on N side at east end of Gaxlen of
the Gods before ertrance to Beyond Garden of the Gods

MC8601b 138 8 Mystery I11. Along Lily Pad Route just up from Helictite Route

MC20a 141 11 Mystery II, west end of Sth Ave. near Dragon's Jaw Lake

MC3c 142 11 Mystery II, west end of Sth Ave, near Dragon's Jaw Lake

MClla 142 9 Mystery 11, Enigma Pit, north side of wall above sediment

MC16 146 10 Mystery II, Enigma Pit, 30 cm below top of sediment

MCl16a 147 6 Muystery II. Enigma Pit, 30 cm below top of sediment

MC10b 150 19 Mystery I1. Enigma Pit, top of sediment, north side

MC2 151 13 Mystery I1, Enigma Pit, embedded upright in flowstone layer

MCS 151 32 Mystery I1, west end of 5th Ave. dig site

MC8601a 152 8 Mystery 1. Lily Pad Rte. west of jundion with Helictite Route

MC6 158 10 Mystery 1, entrance to Dragon's Jaw Lake, from ceiling of craw!

MC8601c 158 i1 Mystery I11, Lily Pad Route just bevond entrance to Helictite Rte.

MC4a 161 14 Mystery I1, Tar Pits west end of Sth Ave.
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MY220 179 10 Mystery 11, oldest flowstone at mound by Blue Lake, same age as
“Mushroom" '

MC2a 183 16 Mystery II, Enigma Pit, flowstone

MR1 258 28 Mystery 11, pit west of Blue Lake

MY221 >350 Mystery IL, Blue Lake, topmost shelfstone on west end of
flowstone mound, shrubs

MC3h >350 Mystery II, west end of Sth Ave. near Dragon's Jaw Lake

MR1 >350 . Mystery IL next to Blue Lake
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Figu;'e 31: Location of speleothem samples used for radiometric dating by Richard Lively,
(Minnesota Geological Survey) and for this project, and sediment samples (labeled CS) analyzed by
Milske 1982).
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